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Naphthalimide Optical Whitening Agents 
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We, Mitsubishi Chemical Industries 
Limited, a joint-stock company organised 
under the laws of Japan, of 4, 2-chome, 
Marunouchi, Chiyoda-ku, Tc^o, Japan, do 
hereby declare the invention for which wc 
pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the 
following statement: — 

The invention relates to naphthalimide 
optical-whitening agents, and a method for 
the manufacture as well as the appHcations of 
said optical whitening agents. 

The invention provides an optical whiten- 
ing agent comprismg a naphthalimide deriva- 
tive of the following formula (1) 



In the first process a compound of the 
following formula (2): 



V- CO 



(2) 



wherein X denotes a sulpho group^ a salt 
thereof, a nitro group, or a halogen atom, is 
condensed in the presence of a condensing 
agent, with a compound of the following 
formula (3), or a salt thereof: 



30 




Ri— OH 



(3) 



35 



In the second process a compound of the 
following formula (4), or a salt thereof: 



20 



25 



(1) 

wherein Ri denotes an alkyl-, an aryl-, or a 
cycloallcyl-group, which may be substituted; 
and R2 denotes a hydrogen atom, an alkyl-, 
Ml aryl-, and aralkyl-, or a cycloalkyl-group, 
which may be substituted Rj being the same 
as or different from Ro. 

The invention includes three different 
methods of manufacturing the new whitening 
agents of tiie invention. 



CO 



\ 



N— Rj 



(4) 



is etherified with tlie appropriate etheriWng 
agent. 



40 



2 
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In the third process a compound of the 
-following formula (5), or an anhydride 
thereof: 




COPH 
COOH 



(5) 

5 is condensed with a compound of the follow- 
ing formula (6): 

R^NH. (6) 

The present invention also includes fixing, 
permeation, adhesion or mixing of at least 

10 one optical whitening agent according to the 
invention in the course of either the manu- 
facture, the forming or the fabrication of 
artificial or syn±etic organic high molecular 
weight materials such as textile and plastic 

15 materials. 

The derivatives of the invention when dis- 
solved or dispersed in a suitable solvent or 
when applied to a fitting fundamental 
material emit a distinctive blue-violet 

20 fluorescence in daylight or ultraviolet rays 
showing a side absorption in the ultraviolet 
range. Further, these compounds generally 
have good stability and exhibit affinity with 
artificial or synthetic organic high molecular 

25 weight materials. Hence, the derivatives of the 
invention axe able to impart an outstanding 
and durable optical whitening tStct to the 
above mentioned materials. 
The optical whitening agents according to 

30 the invention may have as Ri for example, 
such alkyl groups of straight chain or 
branched chain, as methyl, ethyl, n- or tra- 
propyl, n~ or tjo-butyl, n- or iso-pentyl, n- 
or tVo-hexyl, n-octyl, 2-ethyI-hexyl, n- or isc- 

35 dodecyl, and n- or iV^-tridecyL Further, R| 
may be a substituted alkyl group substituted 
by at least one of hydroxy, alkoxy, primary 
amino, secondary amino such as alkyl amino, 
tertiary amino such as bisalkyl amino and 

40 quartemary ammonium such as trialkyl 
anmionium. They may be, for example, 
hydroxyethyl, hydroxypropyl, hydroxybirtyl, 
methoxyethyl, ethoxyethyl, ethoxypropyl, 
propoxypropyl aminoethyl, aminopropyl, 

45 N.N - dimethyl - amino - ethyl, N.N - di- 
methylamino - propyl, N - trimethyl 
ammonium ethyl, N-trimethyl ammonium 
propyl, N-triethyl anmionium ethyl, and N- 
triethyl ammonium propyL Still further R, 

50 may be such aryl group as phenyl and 
naphdiyl or a substituted aryl group sub- 
stituted by at least one of alkyl, alkoxy, 
hydroxy, alkoxyalkyl, hydroxyall^l, amino, 
secondary amxnoall^l, teruaryaminoalkyl. 



quarternary ammoniimi alkyl, nitro, and 55 
halogen. Still further, Ri may be such aralkyl 
group as benzyl or such cydoaliphatic group 
as cydohexyL Ra may be, for example, such 
a group as shown by the formula: 




60 



The three methods of the invention will 
be described in greater detail in the follow- 

In the first method the compounds shown 
by the formula (2) include 4-substitutcd 65 
naphthalimides and their N-substituted coni- 
pounds which are substituted in the 4-posi- 
tion of naphthalene nucleus by a sulpho 
group, a salt thereof such as sodium sulpho- 
nate ( — SOaNa) and potassium sulphonate 70 
( — SO3K), nitro group, or halogen atom such 
as chlorine and bromine. The said N-sub- 
stituted compounds have organic groups 
having no dyestuff character as the N-sub- 
stituents, which have been specified as R2 in 
the formula (1). As regards the compounds of 75 
the formula (3), on the other hand, there may 
be cited various organic compoimds having 
no dyestuff character which have an alcoholic 
hydroxyl group or a phenolic hydroxyl group. 
Namely, Ri in the formula (3) mcludes an 80 
organic compound having no dyestuff character 
which has been explained as Ri in the 
formula (1), Among the compounds of the 
formula (3) there are, for example, such 
aliphatic alcohols as methanol, ethanol, «- or 85 
ir^propanol, «- or tjo-butanol, 72- or xso- 
pentanol, »- or tjo-hexanol, 2-ethylhexanol, 
fs-octanol, «- or i50-dcdecyJ alcohol, and m- 
or w-tridecyl alcohol. These alcohols may in 
some cases be employed as alcoholate, which 90 
is, e.g., sodium alcoholate or potassium 
alcoholate. The compound of the formula (3) 
may also be a compound such that the alkyl 
group in the aforementioned alcohol has been 
substituted' by such a group as hydroxy-, 95 
alkoxy, and tertiary amino. Among these there 
are, for example, ethylene glycol, propylene 
glycol, butylene glycol, 2-ethoxy-ethanol, 2- 
ethoxy-propanol, 2^ - ethoxy - 2 - ethoxy- 
ethanol, N.N - dimethylaraino ethanol, 100 
N.N - diethylamino ethanol, N.N - di- 
methylamino propanol, and N.N-diethylamino 
propanol. Further, the compound of the 
formula (3) may be such aralkyl alcohol as 
benzyl alcohol. Still further, among the com- 105 
pounds of the formula (3) there are such 
hydroxy aromatic compounds as phenol, 
phenolates, naphthol, and naphtholates, or a 
substituted compound thereof substituted in 
the aromatic nucleus by alkyl, alkoxy, 110 
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hydroxy^ nitro, or halogen. The preferred 
condensing agents are such alkali metal 
hydroxides as sodium hydroxide and 
potassium hydroxide. Also suc± alkaH metal 
5 salts as carbonates, bicarbonates, phosphates, 
siliates, and acetates may be employed as 
condensing agents. Although the condensation 
rcacuon is favourably effected when an excess 
t/x ^ compound as indicated by formula 

10 (3) IS used as a diluent, the said reaction may 
also be performed in a suitable inert solvent 
The condensauon reaction is performed 
gcneraUy at a temperature in a range from 
about 30 to 200<^ C. For example, in the case 
15 where such an aliphatic alcohol as methanol 
ethanol, ediylene glycol, and propylene glycol 
as the compound of formula (3) is employed 
it IS advisable to react at the boiling point of 
the mixture. The reaction product is allowed 
20 to precipitate generally at room temperature 
followed by separation and washing. In some 
cases the reaction mixture is either acidified 
or after the diluent or solvent used for the 
reaoion has been distiUed off the reaction 
25 product is aUowed to precipitate followed bv 
separauon by way of filtering. The reaction 
product obtained by such a method is reason- 
ably pure but may be, if required, purified 
further by washing using alkaline aqueous 
30 soluuon or recrystallization using solvent 

In the^ second method among the com- 
pounds indicated by the aforementioned 
formula (4) there are 4-hydroxy-naphthal- 
imides or salts thereof, e.g., sodium salts and 
35 potassium salts and their N-substitutcd com- 
pounds. The said N-substituted compounds 
have an organic group having no dyestuff 
character as the N-substituents which have 
been explained as R, in formula (1) As 
40 regarjfc the ethcrifying agents to be ustd for 
ethenfymg the compounds as indicated by 
fomula (4), strong add esters having no dye- 
stuff character may first be mentioned Tht 
representative examples of said strong add 
45 esters are such alkyl sulphates as dimedivl 
sulphate and diethyl sulphate. As the etherify- 
mg agents, may also be dted organic com- 
pounds which contain an active halogen atom. 
P^^^^";^^ examples of said compounds 
50 being alkyl chlorides, alkyl bromid^ and 
alkyl iodides. Also such esters of aryl 
. su phonic aad as the methyl ester of />-toluene 
sulphonic aad, the ediyl ester of p^toluene 
sulphonic aad may be employed as the 
55 ethcrifymg agent. The etherification reaction 
may be efficiently performed in the presence 
of such alkabne substances preferably as alkali 
metal hydroxides, alkali metal carbonates, 
aUcah metal biou^onates, alkali metal phos- 
eo phates, alkali metal silicates, and alkali metal 
acetates. The etherificadon reaction is effected 
generally at temperatures in a range from 
about 30 to 200° C while using preferably 
smtable diluents or inert solvents. In accord- 



ance with such a mediod the objective product 65 
as mdicated by formula (1) is obtained. 

In the third method among the compounds 
as indicated by formula (5) or anhydrides 
thereof to be applied to this method are 4- 
subsututed naphthalic adds or 4-substituted 70 
naphthahc anhydrides with which an organic 
group Ri is combined through an oxygen 
atom in the 4-position of the naphthalene 
nudeus wherein the aforesaid signifies 
vanous organic groups having no dyestuff 75 
character shown as R^ in formula (1). On the 
ottier hand, among the compounds of formula 
(6; are ammonia or various organic amines 
haiang no dyestuff charaaer. They indude 
vwious alkyl amines such as methyl amine, 80 
ethyl amme, n- or xjo-propyl amine, n. or 
ir<7-butyl amine, n- or wo-hexyl amine, or 
iso-octyl amine, »- or wo-dodecyl amine, and 
w- or ijo-tridecyl amine. In addition, they 
may be substituted alkyl amines wherein the 85 
alkyl group of the foresaid alkyl amines is 
substituted by such group as hydroxy, alkoxy, 
primary ammo, secondary amino, such as 
alkyl amino, and tertiary amino such as bis- 
alkyl ammo. Among these substituted alkyl 90 
amines are ethanilamine, propanolamine, 
butanolamine ethylene diamine, propylene di- 
amme. N.N-dimethyl-cthylenediamine, N.N- 
dunethyl - propylenediamine, methoxyethyl- 
amine, ethoxyethylamine, and cthoxypropyl- 95 
amme. As the organic amines indicated by 
formula (6) such aryl amines as aniline and 
naphthylamine are also employed. Further, 
there may be employed substituted aryl 
amines wherein the aryl group of said amines 100 
IS subsututed by such group as alkyl, alkoxy, 
hydroxy, alkoxyalkyl, hydroxyalkyL nitro, 
amino and halogen. Also such aralkyl amine 
as benzyl amine and such cydoaliphatic 
amme as cyclohexylamine may be employed. 105 

The condensation reaction of a compound 
of formula (5) with a compound of formula 
(6) IS smoothly effected in the presence of in 
gciwral, water, alcohol, a mixture thereof, 'and 
such men diluent as a-^iichloro-benzene. In 110 
some cases the reaction may be performed by 
employmg an excess amount of a compound 
of formula (6) as the diluent. The condensa- 
tion reaction efficiently proceeds at a suitable 
temperature in a range of 10 to 200° C Such 115 
treatment yidds the objective product as 
indicated by formula (1). 

The individual optical whitening agents as 
indioited by formula (1) exert i«5arkablc 
wmtemng effect on various materials, partial-^ 120 
larly on artifidal or synthetic organic high 
molecular weight materials by fixing pcnc- 
tratog, mingling, or adhering. 

The treatment of such polyester textile 
matenal as polyethylene terephthalate is 125 
generally performed in accordance with con- 
ventional methods for dyeing this textile 
material by using an aqueous dispersing 
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medium containmg the opucal whitening 
agent of the invention For this purpose, a 
treating bath is made up by way of uniformly 
dispersing the optical whitening agents in 
5 water by use of a suiuble dispersing agent 
and/or wetting agent, said batli being used 
for' dipping or padding Volj^r 
material at a temperature up to 100° C. in 
sraie cases, the so-called earner dyemg 
10 method may be carried out wherem ^ch 
carrier " as chlorobenzene is employed. Also 
so-caUed high temperature dyemg or 
tbeimosol process to be employed for dyeing 
polyester tertile material is apphcable as the 
15 metihod of treatment according to the inven- 
tion. Polyester textile mattnal thus treated 
emits blue violet fluorescence m dayh^ or 
ultraviolet rays. Henc^ a remarkable whiten- 
ing effect is imparted while neutrahzmg the 
20 veUowish tint of textile materiaL The optical 
whitening agents according to ihe mvention 
may be efficiently applied to vanous types of 
synthetic or artificial textile materials mdud- 
ing such polyvinyl textile materials as poly- 
25 aCTylonitrile and polyvmyldilotide; such 
nitrogen-containing textile material as pcrty- 
amide; such polyolefin textile material as poly- 
propylene; and such ceUidose ester as ceUu- 
lose acetate. The optical whitemng agmts 
30 according to the invention are also apphraWe 
to whiten such moulded matenab as film, 
sheet plate, board, tube, pipe and Wodt, 
which are made of various synthetic or arn- 
ficial resins. For example, mixing tte 
35 optical whitening agent according to the m- 
vcntion with such syndietic resrn as poly- 
styrene foUowed by such moulding as ex- 
trusion and injection results in producmg a 
transparent moulded material, which emits 
40 blue-violet fluorescence. The optical whiten- 
ing agents according to the invention are also 
arofied to tiie white-enhancing treatment of 
various moulded materials composed of 
syndietic resins such as polyvinyl chloride, 
45 polyacrylate, polyester, polycarbonate, jpoly- 
urefliane, polyamide, and polyol^. As a 
result of these treatments an exceUent wlute- 
enhandng effea is always bestowed althougji 
the degree is not exacdy the same. 
50 The white-enhancing treatments by use of 
the optical whitening agents according to tiie 
invention may be carried out by medio* odier 
than the above mentioned methods. For ex- 
ample, mixing of die optical whitemng agents 
55 according to die invention may be earned out 
in a suitable step during die procea of manu- 
facturing textile material or syndicoc resin. 
Furtiier, it may be feasible to spread on the 
surfaces of die material a suitable solvent m 
60 which die optical whitening agents is con- 

^ Soie prefenred embodimcnte <rf t^ invett- 
tion wiU be described in detail m die followmg 
Examples given for the purpose of iH^ 
65 ^ng die invemion. The ''part" m die 



foUowing denotes die portion by weight unlws 
odierwise specified. The melting pomt of die 
compounds shown in die foUowmg Examples 
is the unconected value. 



Example 1. , j 

30 parts of sodium hydroxide are dissolved 
in 300 parts of methanol To die sduuon are 
added 30 parts of sodium salt of N-metiiyl- 
naphdialimide-4-sulphonic add and heated 
while stirring for 10 hr. under reflux. Upon 75 
Completion ^f die reaction . die soluaon is 
alloW to cool. Then precipitate is separated 
by filtering which is washed with methanol 
and dien wann water and dned. ™ 
obtained ^yere 22.8 parts, of N-medijJ-*- 80 
mcdioxy-naphdialimide havmg meltmg^ pomt 
of 198.8—199.2° C. This product amts r&- 
markable blue-violet fluorescence m sudi 
solvents as metiianol and glaaal acetic acid. 
The analytical values of tiiis produa dosely 85 
approximate to die calculated values as 
follows: 





C(%) 


H(%) 


N(%) 


Calcd. for 
CxtHwNO, 


69.70 


4.59 


5.80 


Found 


69.61 


4.84 


5.73 



Example 2. , j 

30 parts of sodium hydroxide are dissolved 90 
in 300 parts of medianol foUowed by die 
addition of 30 parts of N-metiiyl-4-bromo- 
naiAdialimide and the heatmg while stimng 
for 10 hr. under reflux. Upon complenon of 
die reaction, die reaction mature IS subxKted 95 

to the same treatment as m Example l to 
S»tain 24 parts of N.mediyl-4-metiiox>'- 
naphdialimide of die same grade to that in 
Ewmple 1. The same resuk was obtained m 
diT^ where N-mediyl-4-diloro-naphthal- 100 
imide was used in place of starting material 
N-methyl-4-bromo-naphthahmide. 

Example 3. 
30 parts of sodium hydroxide are dwsoWed 
in 300 parts of medianol to whidi 30 pMts 105 
of N-mediyl-4-nitro-naphdialmude are added 
and heated whUe stirring for 10 hr. under 
reflux. Upon completion of the reacaon tne 
same treatments have been condi^ed as m 
Example 1 to obtain 24 parts of N-metiQ^-4- IVJ 
mcdioxy-naphdialimide of die same grade to 
that in Example 1. 

Example 4. 
21.1 parts of sodium hydroxide and 50.0 
parts of N-metiiyl-4-hydroxy-naphdi^imide 115 
are dissolved in 500 parts of water. To die 
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aqueous solution are added by degrees 55.5 
parts of dimethyl sulphate followed by stirring 
at 30° C. for 1 hr. to subsequently conduct 
the reaction for 1 hr. at 60° C. Upon com- 

5 pletion of the reaction, the reaction mixture 
IS allowed to cool and tlien subjected to filtra- 
tion for separating precipitate, which is 
^yashed in iequence by an aqueous dilute solu- 
tion of sodium carbonate and water and dried 

10 to obtain 15 parts of N-methyl-4^cthoxy- 
naphthalimide of the same grade as in Ex- 
ample 1. The same results are brought about 
by the use of potassium hydroxide or 
potassium carbonate in place of the aforesaid 

15 sodium hydroxide. 

Example 5. 
42.0 parts of sodium carbonate and 5Q.0 
parts of N-methyl-4-hydroxy-naphthaIimide 
are dissolved in 500 parts of water. To the 

20 aqueous solution are added by degrees 83.2 
parts of dimethyl sulphate and stirred for 1 
hr. at 60° C and subsequently reacted at 95° 
C for 15 min. Upon completion of the re- 
action, the same treatment is conduaed as in 

25 Example 1 to obtain 30.0 parts of 4-methoxy- 
naphthalimide of the same grade as in Ex- 
ample 1. 

Example 6. 
33.3 parts of dimethyl sulphate are added 

30 by degrees while stirring to a mixture com- 
prising 300 parts of methanol 16.7 parts of 
sodmm carbonate, and 30.0 parts of N- 
methyl-4-hydroxy-naphthalimide and heated 
under reflux to perform a reaction for 2 hr. 

35 Upon completion of the reaction, methanol is 
distilled off, then water is added to the resi- 
due and filtered to separate the precipitate, 
which is separated by way of filtration. The 
subsequent procedure is conduaed similarly as 

40 in Example 4 to obtain 9.0 parts of N-methyl- 
4-methoxy-naphthalimide of the same grade as 
in Example 1. 

EX.\MPLE 7. 
1.3 parts of sodium carbonate, 5.0 parts of 

45 N-methyl-4-hydroxy-naphthalimide, and 4.5 
parts of methyl ester of p-toluene sulphonic 
add are added to 50 parts of ^>-dichloro- 
benzene followed by heatmg to perform a re- 
action for 5 hr. at 170° Q i.e., the boiling 

50 point Upon completion of the reaction, 
dichlorobenzene is distilled off by way of 
steam distillation then the residue is filtered 
to separate precipitate. The precipitate is sub- 
jeaed to the same treatment as in Example 4 

55 to obtain 4.6 parts of N-methyl-4-mcthoxy- 
naphthalimide as in Example 1. 

Example 8. 
10.0 parts of 4-methoxy-naphthalimide 
anhydride are added to 136 parts of 10% 
60 methylamme aqueous solution and allowed to 
react overnight at room temperatures under 



stirring. Then the precipitate is separated by 
filtering followed by washing and drying to 
obtain 10.0 parts of N-mcdiyl-4-mcthoxy- 
naphthalimide of the same grade as in Ex- 
ample 1. 

Example 9. 
A mixture comprising 114 parts of phenol 
and 15 parts of potassium hydroxide is heated 
at 140° C to remove the moisture and allowed 
to cool. To the resultant mixture are added 
50 parts of N-methyI-4-bromo-naphthalimide 
and heated at 140° C to perform a reaction 
for 7 hr. The reaction mixture is discharged 
into a^ dilute aqueous solution of sodium 
hydroxide to segregate precipitate, which is 
taken out by way of filtration followed by 
washing and drying to obtain 52 parts of crude 
N - methyl - 4 . phenoxy naphthalimide. 
The recrystallisation of this product by use 
of acetic acid yields a pure substance having 
melting point of 177.5—178.5° C. The 
analytical values of this substance emitting a 
remarkable blue-violet fluorescence in solvents 
closely approximate to the calculated values as 
shown in the following table 





C(%) 










H(%) 


N(%) 


Calcd. for 








Ci^„NO, 


75.24 


4.32 


4.62 


Found 


74.55 


4.39 


4.48 



Example 10. 
A mixture comprising 123 parts of phenol 
and 35 parts of potassium hydroxide is de- 
hydrated at 140° C and allowed to cool. To 
the resultant mixture are then added 50 parts 
of N-methyl-4-Ditro-naphthalimide wliich is 
again heatai at 95—100° C for 7 hr. The 
reaction mixture is subjeaed to the same 
treatment as in Example 9 to obtain 58 parts 
of N-methyl-4-phenoxy-naphthalimide of the 
same grade as in Example 9. 

Example 11. 
20 parts of sodium hydroxide are dissolved 
in 200 parts of methanol. To the solution arc 
added 20 parts of sodium salt of N-pfaenyl- 
naphthalimidc-4-sulphonic acid and heated 
under reflux for 20 hr. Upon completion of 
the reaction, 200 parts of water are added to 
the reaction mixture followed by filtration to 
take out the precipitate, which is washed and 
dried. Thus obtained are 10 parts of N- 
phenyM-methoxy-naphthalimide having a 
melting point of 244.3^244.8° C This sub- 
stance emits remarkable blue - violet 
fluorescence in solvents. The analytical values 
of the substance closely approximate to the 
calculated values as follows: 
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10 



15 





0(%) 


H(%) 


N(%) 


Caldc. 
C„Hx3N0a 


75.24 


4.32 


4.62 


Found 


74.31 


4.44 


4.58 



Example 12. 
30.0 parts of sodium salt of N-methyl- 
naphthalinudc-4-sulphonic acid arc added to 
a solution comprising 300 pans of 2-euioxy- 
ethanol and 30.0 parts of sodium hydroxide 
foUowed by heating at 80° C for 1 hr. Upon 
completion of the reaction, the reacuon mix- 
ture is aUowed to cooL The preapitate is 
taken out by filtration which is washed and 
dried to obtain 16.2 parts of N-methyl^2^- 
ethoxy^-cthoxy-naphthalimide having meltmg 
point of 124.5— 126.0<^ C. This substance 
emits blue-violst fluorescence in solvents and 
the analytical values closely approximate to 
the calculated values as follows: 



20 



25 



30 



35 



Example 14. 
A mixture comprising 123 parts of phenol 
and 35 parts of potassium hydroxide is de- 
hydrated at 140° C, and then allowed to cool. 
30 parts of N-phenyl-4-nitro-naphthahmide 
arc added to the resultant mixture followed 
by heating at 120° C for 12 hr. Upon com- 
pletion of the reaction, the reaction mixture 
is discharged into a dilute aqueous solution of 
sodium hydroxide. The precipitate is taken 
out by filtering which is washed and dned. 
Thus 28 parts of crude N-phenyl-4-phenoxy- 
naphthalimide having melting pomt of 271.2— 
273.8° C are obtained. Recrystallisation of 
this substance by use of acetic acid yields a 
refined product having melting point of 
274.0—275.2° C. The analytical values arc 
as follows: 





C(%) 


H(%) 


N(%) 


Calcd. for 




5.73 


4.68 


C„H„N04 


68.21 


Found 


67.59 


5.65 


4.52 



Example 13. 
50.0 parts of sodium salt of N-mcthyl- 
naphthalimide-4-sulphonic add arc added to 
a solution comprismg 500 parts of benzyl 
alcohol and 25.0 parts of sodium hydroxide 
and heated at 75—85° C. for 10 hr. Upon 
completion of the reaction, the reaction mix- 
ture is allowed to cool and then 500 parts of 
methanol are added foUowed by filtration to 
take out the precipitate, which is washed by 
methanol and subsequently by water and 
dried. Thus, 37 parts of N-methyl-4-benzoyl- 
oxy-naphthalimidc having melting point of 
198.8—200.5° C are obtained. This substance 
emits remarkable fluorescence in solvents and 
the analytical values closely approximate to 
the calculated values as shown in the follow- 
ing 









N(%) 




C(%) 


H(%) 




Calcd. for 




4.76 


4.41 




75.69 


Found 


75.24 


4.99 


4.39 



40 



45 



50 









N(%) 




C(%) 


H(%) 




Calcd. for 




4.14 


3.83 


CmHjjNOs 


78.89 


Found 


78.74 


4.09 


3.88 





C(%) 


H(%) 


N(%) 


Calcd. for 






5.16 


CisH„N04 


66.41 


4.83 


Found 


65.69 


4.87 


5.15 



55 



Example 15. 
31 parts of sodium salt of N-mcthyl- 
naphthalimide-4-sulphonic acid are added to 
a mixture comprising 300 parts of dioxane 
(solvent), 6,8 parts of ethylene glycol, and 3 
parts of sodium hydroxide and allowed to 
perform a reaction under reflux for 5 hr. 
Upon completion of the reaction, the reaction 
mixture is allowed to cool. The precipitate is 
removed by filtering, washed and dried to 
obtain 10 parts of N-methyl-4-(2^-hydroxy)- 
ethoxy-naphthalimidc having melting point of 
196.8—198.5° C. The analytical values are as 
follows: 



60 



65 



70 



Example 16. 
30.0 parts of sodium salt of N-methyl- 
naphthalimidc-4-sulphonic acid are added to 
a mixture comprising 300 parts of N.N;di- 
mcthylaminocthanol and 30.0 parts of sodium 
hydroxide followed by heating at 70^ C for 
3 hr. Upon completion of the reaction, the 
reaction mixture is allowed to cool. The pre- 
cipitate is removed by filtering, washed and 
dried. Thus 21.9 parts of N-mediyM-N^N*- 
dimethylamino - ethoxy - naphthalimide are 



75 
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obtained which has melting point of 142.8— 
144.0° C. In case this substance is dissolved 
m toluene (solvent) followed by the addition 
of methylatiug agent either dimethyl sulphate 
or methyl ester of p-toluene sulphonic acid at 
a temperature from 30 to 60° C there is pro- 
duced a compound of the formula as follows: 

Example 17. 
33.6 parts of sodium carbonate and 30.0 
parts of N-mcthyl-4-hydroxy-naiAtbalimide 
are dissolved in 300 parts of water. To the 
solution arc added by degrees 81.4 parts of 
diethyl sulphate and stirred at 60° C for 2 
hr. followed by reaction at 95° C for 15 min. 
The reaction mixture is allowed to cool, and 
tiien the precipitate is taken out, washed and 
dried. Thus, 15.0 parts of N-methyl-4-ethoxy- 
naphthalimide having melting point of 167.5 — 
168° C are obtained. The analytical values of 
this substance closely approximate to the 
calculated values as follows : 





C(%) 


H(%) 










N(%) 


Calcd. for 








CxsHiaNO, 


70.58 


5.13 


5.49 


Found 


70.01 


5.20 


5.36 



Example 18. 
56.2 parts of ethyl iodide are added to a 
solution comprising 300 parts of water, 16.1 
parts of sodiimi carbonate, and 30.0 parts of 
N - methyl - 4 - hydroxy - naphthalimide 
followed by a reaction under reflux for 3 hr. 
Upon completion of the reaction, the reaction 
mixture is subjected to the same treatment as 
in Example 17 to obtain 4.0 parts of N- 



metiayl - 4 - etiioxy - naphthalimide which 
is the same as in Example 17. 

Example 19. 35 
21.3 parts of ethylene chlorohydrin are 
added to a solution comprising 300 parts of 
water, 11.6 parts of sodium carbonate, and 
30.0 parts of N-mcthyl-4-hydroxy-naphtiial- 
unide and heated at 60° C for 2 hr. followed 40 
by^ reaction at 95° C for 30 nun. The reaction 
mmure is acidified by adding hydrochloric 
aad and the precipitate is removed by filter- 
mg. The precipitate is subjected to refining by 
use of acetic acid to obtain 31.0 parts of the 43 
same N - metiiyl - 4 - (2^ - hydroxyV 
ethoxy-naphtiialimide as in Example 15. 

Example 20. 
10.0 parts of 4-mcthoxy-naphthalic 
anhydnde are added to 100 parts of aniline 50 
to perform a reaction under reflux for 1 hr. 
Upon completion of the reaction, the reaction 
mixture is subjected to steam distillation to 
disul off excess of aniline. The precipitate is 
washed in sequence by dilute hydrochloric 55 
aad and water and dried to obtain 13.0 parts 
of the same N-phenyM-methoxy-naphthal- 
unide as m Example 11. 

Example 21. 
10.0 parts of 4-methoxy-naphthalic add are 60 
added to 140 parts of 10% ammonia aqueous 
solution and heated at 90° for 1 hr Upon 
completion of tiie reaction, the precipitate is 
taken out by filtration which is then washed 
and dried to obtain 10.0 parts of 4-metiioxy- 65 

naphthalimide having melting point of 307.5 

309° C This substance has analytical values 
as follows: 





C(%) 










H(%) 


N(%) 


Calcd. for 










68.72 


3.99 


6.17 


Found 


67.57 


4.33 


6.20 
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reaction by the method as described in Ex- 



Examples 22 to 29. 



A 


6 


C 


Ex. 22 ethanol 


sodium salt of N-methyl- 
naphthalimide-4-sulphonic add 


N-methyl-4-ethoxy- 
naphtiialimide 




ditto 


N-methyl-4-butoxy-naphthal- 
imide 


hexanol 


sodium salt of N-methyl- 
naphthalimidc-4-sulphonic add 


N-metiiyl-4-(2»-ctiiyl)-hexylo3qr- 
naphthalimide 




sodium salt of N-butyl- 
naphthalimidc-4-sulphonic add 


N-bulyl-4-methoxy-naphthal- 
imide 


Ex. 26 ditto 


sodium salt of N-(2*-hydroxy> 
ethyl-naphtfaalimide-4-sulphonic 

add 


N-(2^-hydroxy)-ethyl-4-meth- 
oxy-naphthalunide 


Ex. 27 ditto 


sodium salt of N-ben2yl- 
naphthalimidc-4-8ulphonic add 


N-bcnzyl-4-methoxy-naphthal- 
imide 


Ex. 28 ditto 


sodiimi salt of N-cydohcxyl- 
naphthalimide-4-sulphonic add 


N-cydohexyl-4-methoxy- 
naphtiialimide 


Ex. 29 ditto 


sodium salt of N-CN^.N^-di- 
nicthylamino)-propyl-4- 
sulphonic add 


N-<N^.N^-dimetiiylamino)- 
propyl-4-methoiqr-naphthalimide 


Examples 3C 
A compound shown in t 
A and B is respectively ( 


T^n ^7 reaction by the metfiod as described in Ex- 
he Following columns ample 9 to obtain the ^^7!^^^^^^^ 
:auscd to perform a agent correspondmgly mdicated m column G 


A 


B 


C 


Ex. 30 phenol 


N-butyl-4-chloro-naphthalimide 


N-butyl-4-phenoxy-naphthal- 
imide 


Ex. 31 ditto 


N-(2^ediyl)-hexyl-4-dilQro- 
naphtfaalimide 


N-(2*-cthyl)-hexyl-4-phenoxy- 
naphthalimide 


Ex. 32 ditto 


N-(2^-hydroxy>ethyl-4rchloro- 
naphthalunide 


N-(2^hydroxy>ethyl-4-phenoiqr 
naphthalimide 


Ex. 33 ditto 


N-(N^ . N^dimethylamino)- 
propyl-4-chloro~naphthaliinide 


N-(N^ . N^-dimethylamino)- 
propyl-4-phenoxy-naphthailimidc 


Ex. 34 ditto 


N-ben2yI-4-d]loio-ziaphthal' 
ifflide 


N-benzyl-4-phenoxy'-naphtfaal- 
imide 


Ex. 35 ^-chloro- 
phenol 


N-methyl-4"diloro-naphthal- 
imide 


N-methyl-4-r4^-chloro> 
phenoxy-naphthalimidie 


Ex. 36 ^-ctesol 


N-metiiyl-4-chloronaphthal* 
imide 


N-methyl-4-{4^-mcthyl)- 
phenoxy-naphthalimide 


Ex. 37 2-naphthDl 


ditto 


N-metiiyl-4«(2i-naphtiiyl)-OJQr- 
naphthalimide 
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A rnmnnnn?^ • ^^u ^? u^' ^ , ^« ^^^^^ dcscribcd in Example 

A B^? ^""f ^^^^L^^"^^^ optical whitenkig 5 

A and B is respectively caused to perform a agent indicated correspondingly in column C 



B 



Ex. 38 



methanol 



Ex. 39 



ditto 



sodium salt of N-(4^dicthyl-'amino>- 
phenyl-naplithalimide-4-sulphonic add 



N-<4^-diethylamino>phenyl-4-mctli- 
oxy-n^hthalimidc 



sodium salt of N-(2^ethyl)-hcxyl- 
naphthalimide-4-stilplionic add 



N-(2i-ethyl)-lie]qrl-4-mctho]^-naph- 
thalimide 



Ex. 



Ex. 41 



ditto 



ditto 




sodium salt of naplithalimide^ 
sulphonic add 




4-methQxy-naplithalimide 



Ex. 42 



ditto 



sodium salt of N-(4^~metliyl>phenyl- 
naphthalimide-4-sulphonic add 



N-(4^-mcthyl)-phenyl-4-methoxY- 
naphthalimide 



Ex. 43 



dino 



sodium salt of N-(4i-mctlioxy)Hphenyl- 
naphtfaalimide-4-sulphonic add 



N-(4^-metho37)-phenyl-4-metfao37- 
naphtfaalimide . 



Ex. 44 



ditto 



sodium salt of N-(4i-chIoro)-phcnyl'" 
naphtfaalimide-4-sulphonic add 



N-(4?-chloro)-phenyl-4-methoxy- 
naphtlialimidc 



Ex. 45 



ditto 



sodium salt of N-naphthyl-naphtfaal- 
imide 



N*naphtiiyl-4-methoa7*naphtliaUmide 
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caiSeH perform reaction by the mcA^^ spondingly m coliinm C. 



B 



4rhydroa7-napht]ialimide 



4-xnethozy-naph±alimide 




N-bcn2yl-4-!iydro»y-nap htfaaliinide 
N-cydohcxyl-4-hydroxy-iiaphtiMdiniidc 



N-(2^hydroxy)-cthyl-4-mcthoxy- 
naphthaHmide 

N-bcnzyl-4-ixictfaoxy-iiaphthalimidc 
N-^dohogrl-^-mcthoay-iaphtfaalimide 



N-iiiethyl-4-hydroxy-naphihaliinide 



N-mcthyl-4-buto3qr-iiaphtfaaIiinide 
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Examples 53 to 62. 
A compound shown in C3olurans A and B is 
respectively caused to perform reaction by the 



method of Example 8 to obtain the novel 
opti<^ whitening agent indicated corre- 
spondmgly in column C. 





A 


B 


C 


Ex. 53 


4-mcthoxy- 

naphthalic 

acid 


n-butylamino 


N-butyl-4-methoxy-naphthalimide 


Ex. 54 


ditto 


2-cthyl-hexylamine 


N-<2i-cthyl>-hexyl-4-mcthoxy- 
naohthalimide 


Ex. 55 


ditto 


2-hydroxy-ethylanune 


N-(2^hydroxy)-cthyI-4-metho3Rr- 
naphthalimide 


Ex. 56 


ditto 


benzylamine 


N-benzyl-4-mcthoxy-naph.thalimide 


Ex. 57 


ditto 


cydohexylamine 


N-cydohcxyl-4-mcthoxy-naphthalimide 


Ex. 58 


4-ethoxy- 

naphthsdic 

add 


methylamine 


N-methyl-4-«thoxy-naphthalimide 


Ex. 59 




ditto 


N-mcthyI-4-butoxy-naplithaIimide 


Ex. 60 


4-(2i-ctho^)- 
ethoxy-naph- 
thalic add 


mernyinm 


N'-methyl-4-(2i-ethoxy)-cdioxy- 
naphthalimide 


Ex. 61 


4-bcn2yloxy- 

naphthalic 

add 


ditto 


N-methyl-i-benzyloi^-iiaplithalimide 


Ex. 62 

• 


4-phcnoxy- 

naphtlialic 

add 

• 


ditto 


N-metliyl-4-plienoxy-iiaphthalimide 
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Example 63. 
1 part of N-mcthyl-4-mcthoxy-naphthal'- 
imide is mixed with 2 parts of dispersing 
agent such as a condensate of naphthalene-2- 
sulphonic acid with formaldehyde. The mix- 
ture is pulverized into easily dispcrsibic 
powder. The powder is dispersed in 6,000 
parts of water to prepare a treatment bath. 
30 parts of carrier (chlorobenzenes) are added 
to die bath in which 200 parts of polyester 
textile material are treated at a temperature 
from 98 to 100° C for 2 hr. The treated 
textile material is subjected to soaping in 
2,000 parts of aqueous solution containing 6 
parts of anion surface active agent at 90° C 
for 15 min. and then rinsed and dried. Thus 
the polyester textile material has been 
imparted a remarkable whitening effect with 
a good fastness. The same results as in this 
Example were obtained in the case where the 
compounds obtained by the methods in Ex- 
amples 9 to 62 were used. 



Example 64. 30 
1 part of N-butyl-4-methoxy-naphthalimide 
is niixed with 2 parts of dispersing agent con- 
stituting a condensate, which consists of 2- 
naphthol-6-sulphonic acid, cresol and form- 
aldehyde. The mixture is pulverized into 35 
easily dispcrsible powder. The powder is dis- 
persed in 6,000 parts of water to prepare a 
treatment bath. In this bath are immersed 
200 parts of polyester textile material to be 
subjerted to a treatment at 120° C for 1.5 40 
hf. The treated textile material is then sub- 
jected in sequence to soaping, rinsing and 
drying as in Example 63. Thus remarkably 
whitened polyester textile material is obtained. 
Any of various compounds in Examples 1 to 45 
62 may be used for peifonxixng die same 
treatment as in the present Example to obtain 
similarly whitened polyester textile material 
as in this Example. 
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Example 65. 

1 part of N-methyl-4-methoxy-naphthal- 
imide is dispersed in 6,000 parts of water to 
prepare a treatment bath as in Example 64. 

5 In the bath arc immersed 200 parts of cellu- 
lose acetate textile material and heated at 85° 
C for 1 hr. Then, thus treated textile material 
is subjected to soaping at 50° C, rinsing and 
drying. Thus, the treated textile material has 

10 been imparted a remarkable whitcmng effect 
200 parts of polyamidc textile material or 
polyacrylonitrile textile material in place of 
cellulose acetate material may be subjected to 
the same treatment at 100° C as in this Ex- 

15 ample to impart to the respective textile 
material a remarkable whitening effect. 
Further, the whitenmg of these textile 
materials is effeacd also in the case where 
any of compoimds in Examples 9 to 62 is 

20 used. 

Example 66. 
A mixture of 2 parts of N-methyl-4- 
mcthoxy-naphthalimidc and 2 parts of dis- 
persing agent is dispersed in 15,000 parts of 

25 water to prepare a treatment bath as in Ex- 
ample 64. In the bath are immersed 500 
parts of polypropylene textile material followed 
by heating at 98 to 100° C for 1 hr. and then 
soaping, rinsing, and drying. Thus a rcmark- 

30 able whitening is imparted to polypropylene 
textile material. 

Example 67. 

2 parts of compound as indicated by the 
foUowing formula: 



35 




arc dissolved in 3,000 parts of aqueous solu- 
uon containing 0.5 parts of acetic acid and 
1.0 part of sodium acetate to prepare a tn»t- 
ment bath in whidi 100 parts of polyacrylo- 

40 nitrile textile material are immersed and 
heated at about 100° C for 1.5 hr. foUowed 
by soaping, rinsing, and drying. Thus a re- 
markable whitening is imparted to poly- 
acrylonitrile textile material. Similar whiten- 

45 ing is also effected in the case where the com- 
pound as indicajKd in the following formula 
is used: 




Example 68. 

A mixture of 2 parts of N-phenyl-4- 50 
methoxy-naphthalimide and 1,000 parts of 
polystyrene resin pellet 18 kneaded at 200— 
240° C, and then moulded in plate at 220 — 
260° C by using an injector. Thus a trans- 
parent plate is obtamed which emits outstand- 55 
ing blue-violet fluorescence. 

By adding 20 to 50 parts of titanium di- 
oxide in the course of the aforementioned 
kneading a white-enhanced plate is obtained. 
Similar effect is brought about in the case 60 
where any compound In Examples 1 to 62 is 
used. Further, similar white-enhancing is also 
imparted to polyvinylchloride resin, poly- 
acrylate resin, polyamide resin, polyester resin, 
and polycarbonate resin as used in place of 65 
polystyrene resin in this Example. 

WHAT WE CLAIM IS: — 

1. An optical whitening agent comprising a 
naphdialimidc derivative of the following 
formula (1); 70 




(1) 

wherein Ri denotes an alkyl-, an aryl-, or a 
cydoalkyl-group, which may be substituted; 
and R- denotes a hydrogen atom, an alkyl-, 
an aryl-, an aralkyl-, or a cycloalkyl-group 75 
which may be substituted, Ri bemg the same 
as or different from Ra. 

2, A method of manufacturing a naphthal- 
imidc derivative as claimed in Claim 1 in 
whidi a compound of the following formula: 80 

(2) 




(2) 

wherein X denotes a sulpho group, a salt 
thereof, a nitro group, or a halogen atom,^ is 
condensed in the presence of a condensing 85 
agent with a compound of the following 
formula: (3) or a salt thereof 

Rx— OH (3) 

3. A method of manufacturing a naphthal- 
imide derivative as claimed in Claim 1 in 90 
which a compound of the foUowing formula 
(4), or a salt thereof 
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is ctherified with the appropriate etberifjdng 
agent. 

4. A method of manufacturing a naphtlial- 
imidc derivative as claimed in Claim 1 in 
which a compound of the following formula 
(5), or an anhydride thereof: 



COQH 




COOH 



(5) 



is condensed with a compound of the follow- 
ing formula (6): lo 



R2— NH, 



(6) 



5. A method of optical whitening an 
artificial or synthetic organic high molecular 
weight material which comprises treating the 
said material with a naphthalimide derivative 
as claimed in Qaim 1. 

6. A method as claimed in Claim 5 which 
comprises treating an artificial or synthetic 
textile material with the naphthalimide deriva- 
tive in an aqueous medium. 

7. A method as claimed in Qaim 5 which 
comprises mingling an artificial or synthetic 
plastic material with the naphthalimide deriva- 
tive. 

ERIC POTTER & CLARKSON, 

Chartered Patent Agents, 
317, High Holbom, London, W.Cl. 
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